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WHY AN ELA OPERATIONS TEST BED?

IF A CONCURRENT ENGINEERING APPROACH TO DESIGN IS TO BE
USED, THE LAUNCH SITE OPERATIONS CUSTOMERS WILL NEED TO
GAIN KNOWLEDGE, SKILLS AND ABILITIES IN THE FOLLOWING
AREAS:

1.  SKILL IN HANDLING HIGH POWER BUSSES

- SIGNAL MEASUREMENT BETWEEN LRU'S
GSE REQUIREMENTS & CHARACTERISTICS

- SWITCHING AND BUS REDUNDANCY/ISOLATION
CHARACTERISTICS

2. KNOWLEDGE OF POWER SOURCE CHARACTERISTICS
- BATTERY HANDLING AND MAINTENANCE

- FLYWHEEL OPERATION
3. ABILITY TO HANDLE PERSONNEL SAFETY ISSUES

- BATTERIES
- HIGH VOLTAGE LINES

4. KNOWLEDGE OF ACTUATOR OPERATION

- LOCKING OPERATION AND CHARACTERISTICS

- ACTUATOR INITIALIZATION

- GENERAL OPERATING CHARACTERISTICS
(CURRENT MONITORING / TORQUE EQUALIZATION /
VELOCITY SUMMING)

5. EXPERIENCE IN SYSTEM-LEVEL ISSUES

- DATA MANAGEMENT
- FAULT MANAGEMENT
- ENERGY MANAGEMENT (CHARGE/DISCHARGE CYCLES)
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MSFC TEST: t1_2b831 DISCRETE SINE 8.1

HZ 8.1 INCH 8/31/92

8.62

-0.01

-8.82

Rudt Position Error (Inch)
®

-8.83

..............................................................................

-8.84
2

8.15

TIME (SEC)

160 128

MSFC TEST: t1_2b831 DISCRETE SINE 8.1 HZ 8.1 INCH 8731792

8.1 -
= :
1) :
£ 8.85 ;
- z
€ :
L :
- 8 :
) :
° .
B :
% -8.85 f
2 .
= :
-8.1
_8.15 1 L 1 1 1
-8.1S -8.1 -8.8S5 5] 8 .8S 8.1 8.15S

Position Command (Inch)

(-2
- oK SRRUREY 1 = AU S I SR

ORIGIMN,/ L 738 13
OF POG:: QiALITY



Rvdt Position Error (Inch)

(Inch)

Rvdt Position

-86 T T T

MSFC TEST: t1_2e831 DISCRETE SINE 8.1 HZ Z.5 [NCH 8/31/92

f T

86 \ 48 68 88 166 120

TIME (SEC)

MSFC TEST: t1_2eB831 DISCRETE SINE 8.1 HZ 2.5 INCH 8731792
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SSHAT OL AHDNATY SVM HLVY WNNIXVIN HHL MOHbS
LN9 LOOHSYAAO THL ADNATY ATHALLOHALH SLTNSHYE
AYVNINTI'THYd 'dOOT HLVY V INHINWHTIINT OL A4dIDHd
SVM LI ‘NOILLVINOIINOD HATTOYLNOD TVILINI

HHL NO NV1d LSHL HHL 40 NOILI'TdINOD Yd.LAV

583



Ruvdt Position (Inch)

Rvdt Position (Inch)

MSFC TEST: t2_3924 STEP RESPONSE 8.15 HZ 8.25 INCH 9/24/92

8.15 T T T 4 i
éAAAk “ Ad 'A‘ A ‘kl“ é
Y 1Y ; Yy r Y
8.1 H”.“.””.”;‘““.““.“.””.“..””.“”.““‘“”.“.”“.T“.“..““.“.; ................ -
BB b -
B b oo R
B BG b 4
B L b T 4
A Y ¥ A,
-6.15 I i ] 1 ]
13 13.5 14 14.5 1S 15.5 16
TINE (SEC)
MSFC TEST: t2_8924 STEP RESPONSE 8.15 HZ S INCH 9/24/92
3 T T ! ! T
-3 ' ] ] ] 1
6 6.5 7 7.5 8 8.5 9
TIME (SEC)

Step Response With Rate Loop

roa



HAGNITUDE (dB INCH/INCH)

PHASE (DEGREES)

HSFC ENA

NFFT= 4896 OVERLAP= 2848

18

Ty 1 111 A T 17 1 7 17¥

[E e a | 1 J I NS R S |

MSFC ENMA

18@

FREQUENCY (Hz)

NFFT= 4896 OVERLAP= 2048

-188 -

-158

-288

e

-258 -

T 1T

T T— T 1

i1 T] ¥ 1 II!!!!‘ 1 i 1

1
-3881
1g-2

18t



‘AHI'TddV HHHM

COLH ‘SLSND ANIM) SAVOT AdAL LHODI'TA ON WHLSAS
VINA THL 904 HONOHLTV “dATIVINS ST YOYYH VINH HH.L
VLVA DI'INVAJAH TVALIV HHL OL NOSTEIVAINOD NI
HOLVNALOV JHL 404 VLVA YHATOSHY ANV ANVININOD
NAIMLAI 9099 H NOLLISOd HH.L SMOHS HAVHOMHIA
LXAN HHL ISNOdSHY VINH/OAL HHL ANV H'TI40dd
ANVININOD 9YS #¥-SILS HH.L SMOHS HAVIOMHIA STH.L
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(INCHES)

BETA(cnd)

(INCHES)

BETA(piston)

...... ..““;.““. iSRB~IELéHETR¥ : : .“n“.”?“.”““.”_
y : : ; . .
28 48 60 88 168 1206 148
TIME (SEC)
STS - 44- SRB Command Profile
25 HP TUC/ENA MEASURED POSITION: STS_44_SRB TELEMETRY
............... ;'"UI"I'F'IIJTE?RED”R'ESOI;UEB"D'ﬁ'T'ﬁi ............... ............. .
y : : : : ;
28 49 68 88 188 128 148
TIME (SEC)

'PRELIMINARY 25 HP TVC/EMA RESPONSE TO STS-44-SRB COMMAND PROFILE
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HOLVALIV HOLON

OML HHL 04 HINHHOS LNHNAOVNVIN AONVANNJHY

V INHINH'TdINT ANV ANIJHA OL VLVA LSH.L OL NOLLIAAV
NI NOLLV'INNIS 404 SN HY TTIM THAJON SIH.L
THAOW HOLVALOV HHL HLVAI'TVA OL dUSN ONIHL
VIVA HLIM HNNSHY TTIM ONLLSHL "‘SNOLLVOIAIOHdS
AHYISHA TIV LEHIN OL AUNNL HE TTIM HHTTOHLNOD
HH.L A0 SdAO0T NOLLISOd ANV HLVY HHL ‘SYVID ASTH.L
JO AHHAI'THA ONLLIVMV H'TTHM "HO.LVALOV SIH.L NO
NOLLVHNDIANOD HOLON OML V LNHIWHTdINI OL OASIA
MOTITV TIIM HOIHM dHd¥O0 NO SI WHLSAS HVHOD MUN V

589



awayos juawabeuew Aouepunpal
juswajdwi pue aulyep ‘elep 1sa8} pue |japow buisn

uoljeJnbijuod Jojow oM} e juswajdul

|opow 8)epijeA 0} ejep 1s8} asM)

Anigede) peo 1ybil4 peje|nwig ajelisuowag
A1ij1qedeo peo SA ajey 8jeljsuowa(

suoljedljloads
palisap }8aw 0} sdoo| uoljisod pue ajel auny

SNV1d 34N.1N4d

590



uorsing sejeBuy so7  YoaeISIYIY

Auedwoy aaedsoiay [eubiis-paiy

¢661 ‘6¢ 'Ld3S

1INN HOLVHLSNONIA
SSd HOL1VNH3ALvOogdn.L
WN3LSAS HONNVT TVNOILVYN

591



jeubis
PN,

U0jSIA S8100UY S0T YD '@ IBIYIY

Avedwoy asedsosay jeubis-paiy

SSd NJAIHA-INIgGHNL
JAIHA-1034IA ‘a33dS-HOIH

592



‘peo| J0113)Xd ay} pue J3aylo yoea Yyum asesiul Aay)

moy yum Buoje at1ay umoys ate SSd ayl jo sjuauodwod aiseq ay |

593



—ﬂ—_—m. voys|Ag sepebuy s07 (JO18ISIYIY
|
vm.__@ Auvedwo) adedsosay jeubis-pany

v-16414-O)
_____Hownoaw =

B 1 1NdNI

10HLINOD . |
“ avol + " OaA-8¢
e HOLYINS3H 10UINOD a33dS

3JOVLII0A I
_ . _ __ doiwvNwarwosunL |
| H e B
| . HOLVNUILIY AAIVA |
_ e« w3 e 1| TINOVIN anigunt| | d01nHs _zyo
_ /43141103 || ININVYWHId ~ /MOHLNOD _
_ | | |
R I _
Y
1Nd1N0
DAA-022

WYHDVIA Y0018 SSd d33dS-HOIH

594



‘uaboipAy snoaseb ayy Aq papinoid si Buijood ||y "10jeusaleoqin}
ay) jo Aayduad ayl punoue pajjelsul ale S21U0L93|9 |043U0D paads
pue Bujuonipuod samod [ea11309]2 ay) "sbBuneaq |10} [eIxe ay} pue
|elipes 3y} ale umoys os|y "uoijoajoid paadsiano aaissed sapinoid
HNJUBA Xal0A ¥ -auiqn) asindwy jeixe abejs ajbuis ay) Aq

uanup Ajoadip Jojol Jojeusslje ssajyioo} ajod om} ajbuis ayj smoys

i0jeussijeoqn) SSd paramod uaboapAy ayl Jo uonoas ssoud siyL

595



leubis

vois|Ag sejeluy 807 YOIB08OYIY

P3|
Avedwo) asedsosay 1eubis-pajiy
v-08L41-D0
(2) yoronani wid (2) uanma 21901
*E TP \ Hld q0WINOD
=P / oot/ sng
cl.“ l“ ’ -m ' ‘P‘D
10Nna 1snvixa '“ ' : ﬂ
ONY - 1|
IHNUN3A JGLUOA G 7 — 1}
/ \/ ......... “ .................................................. V” ; "
//./ /I \\\\\\\\\\\\ \\ __\__ﬂﬂ\\\\\\\\\\\\\\\\\\\\\\\u\—\.\‘\\\ (L “ /” M W
D R RIS FRIRXT T AR IR ' "
\ ///tz//f// \ I TRERITI RN DRI e - /Iﬂ m _
e NHA ||
R == T “1anown —INT |
q\\u ANVAANNTY PSSO /ﬂ m ”
o 7 A28 ﬂ‘ﬂ\_\\< LI SNSITIIIIT LD SSLE ,M : :
S 722 4d t _~ “ ”
”/./\ k\.’\"\”“”\\N\\\\\\\\\\\\\\\\\\\\\\\\\\N\\\\_\\m\\\\\\\\\\\\\\\\\\//— m m
. 7 S e mmmanns \ u
aNiaunL * O ’n : | |
Z - : m
/ |||/ 1|
(dAL) SONIHV3E 04 Hivd L S
INV100D \ /
ANV L3N (€) HoLUOVdVD (9) &
9) 4314103
Hanid

NOLLD3S SSOHD SSd
dOLVNHILTV LANOVIN-LININVINHId A3IdS-HOIH

596



‘wda ay)} pue peoj
|e211123]3 3y} JO uoilouny e si |aA3] abeyjoa indino ayy .B:o____n:oo

lamod ubisap 1ayy1108.1 ajdwis ay) smoys aiewayos m._c 1

597



jeubis
pall|

vorsiag sejebuy s071 YO418ISIYIY

808L1-O1

HOLVNHIALY
Wd

— e —

Avedwo?) asedsosay jeubis-paryy
3ATWA ZHD
—_— H3AIlHA ¢ — —
FATVA _
I
{
|
3INIgHNL
e HITTOHLNOD I
Q33dS HOIH a3adas | a33ds AII_
!
H3AIHA e——-] H3ITIOHINOD |, ___
JLvO AODVII0A S1T0A
_ oa
_
|
|
A4
Wd/Hv SN8a JaA
0zz

{ W= Le—Jdp-uwc {

598



‘sabueyo peo| pue paads 0} anp doo.p abejjoa
Buneuiwe ‘epow Buiddoyasdn ue ui sajesado JapiaAul m:. L “wds

uo Juapuadap ss3j| si Jauopuod 1amod adAj-1aluaAaul ajeulale siyL

599



_ﬂ:m_m UOISIA S9je6UY $OY YD1 ISIYIY
P9l
10811-91 Avedwo) asedsosay jeubis-paly
FATVA THO
e H3AlHA . —— —
AANTVYA “
I
|
|
INIGHNL
aaadsuom  be—m——mmm .| wanowinos |__ |
S HOIH a33ds a3ads
SH3AIHAG -— — H3TTOHLNOD o« — — —
EIN D) FOVYLTIOA SLT10A
_ oaq
“
Y
H
3
L
HOLVYNHILIY 7] .__ snd D0A
nd u 4 0ze
|
W
3

600



"Hun Jojelisuowap uaboipAy ayy

J0 1ey} o} tejjwis si sjusuodwiod J0jeusaljeoq.ny ay} jo juswabuene
oyl -sbuuieaq |leq j1oejuod JeinBue pajeaign| ISIW |10 Sazijn pue
sainjondis 1no pabboy Aneay Jo sisisuod §j “Hun uojjesjsuowap

dojeusajeoquny pasamod wni|ay ay} JO UOI1D3S-SS0II € Si SIY|

601



uoysialg sejebuy so1 Ydi1easayly

06052-8

\\\\\\\\\\\\\\\\\\\\\\J

1108311
N —
w m \ﬁ\ s :Mﬂ ~~~~~~~~~~~~~~~~~~~~~ ot u ~~~~~ §
i =

Auedwo? asedsoiay jeubis-paijy

3OVSSvd
NOILYOIHaN1

HOLINOW
a3ads
~ AHVANOO3S

LINOVIN

i
) El
1
. . |
0 — . B -
¥ wagtiee o
v
190 T
wo ah
’

L1113
N :
]

iy YNNI

KTGINISSVY ONIGNIM oo

. ,. s\ | U
f A 770 y/
ONIYY3g - S1HOd \@
4<mmrnnuumw% _ | 4¢m“uuummw ) mmwuwnm
\ 4 ( ONIHV3g
o/ \ N 777,
X08 31ZZON

39VSSVd HNIT00D

dOLlVNH3LTvVOgdNl SSd SIN

602



"lojeulaljeoqln) Jojesjsuowap wnijdy SSd

ay} dn ayew yaiym saljquiasseqns pue sjielop ay} aie painioid

603



reubis
pail|

$2559-d

uoIsIAIQ safebuy so1 YIoI1easSaYy!ly

Auedwo?) asedsoiay jeubis-paijy

G-26£10t

(.ﬁ \

. GIOVHIE N o
~ ] BOLVNH ILIVOIIHNL SN
RS TR IR AR L) .
— -
T . A iy e
W
I
, -

. A
e
S
)
. s
i

—

G/0v8.¢ N/d
HOLlVvN4d3l1l1vogdnl SN

604



"apow (1addoyodn) JauaAul 10 J31511994 aYy) 10Y}io
ul pajesado aq ued J191aAU09 Jamod ay| "S}S3) UOIBLSUOWIP

pue juawdojanap ayj 1o} dnjas SSd ayi Jo d1ewayds ay} si Siy |

605



jeubis

uossiaig sejebuy so7  YOIRISIYIY

palli

OONILIAS AT TN Iade

DY IHILNI Od

ANYQg
Gy0 DQ

oY

L1 ¥4 74 )

@

437708 LNOD
399170A/Q33dS

k]

H3ILHIANOD
83M0d

= -~ - -

Auvedwo) asedsoiay jeubis-paljy

S3T7dNODO0OWY3IHL ° *
SdWY ‘SLI0A DQ°

S 3yd
S3¥d ‘dW3l
S38d ‘dwW3l

o1
3 .

1732 I
Sy * - -
SY9 """ w INI0OdJ

Wdd * " "0
5
.-a

my/gmausz¢ﬂﬁa

HOL1LUYUNY3IL Y

N 190>

=2am .

NOTLYINIWNYLISNI

—
—

LSNYHX3

ATIA
LNOD

AN AN

dIlyl
Q33ds.0

NOI 1LJdLSENOW3Qa

AV

SSd

LANdNI ®H

606



"9]9|dw o9 }aA Jou S| SUOIHPUOD SNOLIBA J9pun
uoilounj dajs e se peoj |ea14193]@ Wnwixew ayy jo Buippays pue

uoeaiiddy -paysijdwoooe uaaq aney sisa} asayj jo Ajuolew ayy

607



_mcm_w | UOiSIAKI $O|96UY SOT YOI ISIYIY

Avedwo) asedsosay jeubis-payy

488L1-mi

STVILN3H34410 3HNSS3IHd ©

SIUNLVHIdWIL MOVENVOS ANV ONILVHILO

NOILYVIND3d avol ©

SAVO1 LN3JISNVHL ©

SAVO1 31viS AQvals e

ONILLS3IL NMOANIdS ©

S3IOVLIIOAAVOT1ON ®

JONVLONANI NV JONVLSISIH ONIONIM ©
JONVINHO4H3d aNIgdnL ©

SS3ANIALLDIH43 IHNLNIA XILHOA ©

"SAIAHNS NOILVHEIA ©

M3IAHIAO NV1d 1S3L 3HY

608



‘umop Inys sem pue ‘sabueys dajs se pays pue paijdde peoj jeiied
jeuoniippe pey ‘spow Jaddoyadn ayy o1 Buiyoums Aq asealoul
(lua1ino pue) abejjon Indino ue paysijdwoosse ‘apouws 31411034 8y} ul
unl sem ‘peoj J1apun dn pauels sem ‘iojeulaljeoq.iny} ayj se auiqiny

ayl o} ainssaud wnijay pue wdi Jo saoed] ay) aie aiay umoys

609



/
L RPN
3

X ‘ y
o . : ‘
- : T : o
B . ‘ . L b b e 2 » {
\4- XL I ] 'l s A ' ' . ] I
(TR A ATA LA A AL I A I ALS) '"’""“”"""'“““"’”'"““'"“""'"U""'”’-‘J"UU"Uiy"l’"”U//NJ}J/J&VWJNJM'JJJJ/M/WJ FUVIIVEIVISEI SVIINISTIVINN
i S L 1 ) . - |
! T o 1 : X
' ' ol 1 ' ‘ l
o~ e e e L e e g em frmp e e J U SO . ~ e - -
| I k i i ' 1
I | ; .
) . poob o ¢ to kb
, | I ; c b '
i . | Lo P
i | P! . [T .

/\ ’ ’ ‘ R o v : : ‘ !
. - . . ) i . i | . B H o N B . -
‘ v ‘, S Sl ‘ ‘ =

3 ‘ : - S L - P L=
- - Al y N " = '
| ‘ _ e ™ _ A %'
T e PSRN I - SR =
T LU ot S EUURUP RPN I I AR SR R |
e e ! 4 |

'

' [ |
[ L ) !

v

'

\ e SRR RN :
MNMWNMMWMMWWNMMAM’MMMWMWMA'VWWM\V.‘MMAMWNAWMMJ\,«AM
N - B R LR .- e e e are . . . - .‘. - - . - .- N - - X
b ‘ : ;

>
oM
. "E [+ ¢

Sy e [T [ . e
: P | ! :
; g NESEEE ey |
: - I e i e 2 e o Cobe P
v kel : - R - P ry
i L AL } ! o I T B | : ' J ..2 =
o R L [T I J‘i‘ll' L e o : . ; ¢ V) Q
B 1 o TR ST YT T R { L e T TR i . . I I N Ch .
bl e e anad I wti Lmlm:lu- [T A P ullmlr RLTIRS HETTION O NOOYRN B RO S SRR I P .
! ol !
. o . : X S D
; Co ey ' L { ‘Tl R ¥ 1.1‘*" Jorg ot ey v ' .
1 i fret [ b el deghods el g 1 ' :
oL [ i by { [ . 3 '
1 ' [ P ‘! —_—
o . i ‘ | R ! ‘ ‘ -2
" B | . . ; ‘I ‘u..i E ] Py H i., _ . [ Q. e
% i . [ | g 1 [ \Z : P 3
. | v . [ S S | . B
i e ! ‘ ' o bk A Lo P 1 . : ) P‘ '
" Vo ! B ’ o -5 . l . . ' V
Lo , N (N IR A v i i : i R '
e s+ e R -—»-—s—-—-——o—---} bt b et ey - B - e e i —v - ——— — — — — e — v e e b bt et e e ——
(R [ i oo : Loy m ‘e ' B ' . : . +
' ! ' l : Lot . o : !
- = R s | ~
‘ . 4 T ! "‘—Q
. , ! , : ! ) - . }- eﬁ
— 1 / i . A2p &
{ } ! I . . :
T T o Sl Ee A A oo e N
—""ﬁt-vﬂl‘n"\lqnhlﬂﬂﬂl']ﬂ! ""']'\7)'11""\” ‘"""""""""]‘“"1']’]“‘"‘“!!'Y']"?"\""" '““111‘]"—;}"1"‘ ey 15-1.5'11-1~n~n0qq~'11\ﬂ41~-\-ﬁ~“1ﬂ"'!-ﬂ-' \PW‘QQ\\\~~~|~~' IRYRET TN
¢ 0
b ‘ b ‘ o E
; I : o ' [

.
.
D T R T R PRy TP P P PP TY T R TR T DL YT P S R TE N VSNpup iy JRppP oy

610



‘sabueyo peo| ayj buunp pajenbad
Ajasojo si abejjoa indino ay] -ainssaid ajzzou auiqin} pue wd.
‘abeyjon 1ndino 9@ ‘sjua4ind ay} jo saoed} smoys )| -abed snoinaid

3y} Uo paqLiosap 1sa} ay} jo Buipiooal Heyodiils Jayjoue si siy |

611



(= £Wor wm = : 1] I I R I R MMM AN AR A AR e

. e T v 1i ~ .__,1 ;_&:L,ﬂ_. _ et e 4 _ __: _ — — — — o
pige: L R rast et ol BRI S R e A R e \\\ 4 ﬂ ERT 6 e -
g e e o e e B e ~ NGNSd 005 3NSS3u4 m:NNoz, E———— pos
-~ e JL,F1F+I§WHIIL.%LHWHWWW,_‘W- = mun L WW. _ BRI F SASSS
& o e o o o o o ety S e Sy R >_o\m._.._o> 002 39VLI0A indino Oo N S
; e i Tt S5 Sniier W o St R SR S e bkl /) b e e
% AT e eia . . ,I.JJF_ - —_— b e .%uc%»wwwiwamswhmH\@. e i (O ﬂ % —t-i
ot Ll T S N8 A T e Sk S R A B e S b =5
g2 e F .f-onzoom_w Ol T [T arsan oot NFHHND S&:o oa ENE=ESRcsrEsEs
[N vie=tre " 1 wa PN S T HEAE S ..uwlu el e - NS i i \.'H» 1
& b a q e %-Jfl-i'r.l, St e ks, B M 28
37 Bttt ; . e e e B e Do By b s w1 b DS
s e e e s A e R L nmmam wz_mm:h p s o A

Ara\D o 230 i } n |l oD TTLTNEEAYe Y F o,

LE Sy L I o o e >_oanas_< 005 INIHHNO INIT mo.:qzmm:f ST E & ¥

B8 0l 10 ho o L n e —— —— S ey [P ——— .

B ens RSt oo —— ——\\\

1=

(EossoEEEEm S—

TR T e T T W R e ——

HdOLVNHYILTV O8HNL 2 9HY
TVYNOIS-A31Tv/9NI1309



"UMOUS aJe S}HuN Jojellsuowap SSd palamod uaboipAy

pue wnijay ay} usamlaq sadualayip pue sanuejwis olew ayj

613



jeubis uossiaigsajabuy so1 yaieasayly

paill

Auedwo? asedsosay jeubis-paiy

d31VHISNOWSA N334 SYH HIMOd
TVIIHLO313 MM S€ d3HIND3H FHL dOT13A3A O1 ALITIEGVdVYO JHL

SOIU0JJO8|3 punoay-deipy  Sjusuodwo’) ajeledsag om | | Buibexoed
'sq| G/ 'Sq| 08} Wyblam
¢HO/I104 ISIN 110/lieg sbuiieag
|leuoijiodoud BuifoAn nwi AA|BA [011U0) ummam
laddoyodn 40 181)1108Y laddoyodn % 181108y joJjuon) abe}joA
000°09 000°G9 WNd4d

OpA 0cc 1e m) Gg OPA Qcg e My GE indinQ Jamogd

lojensuowa UaboIpAH  I0jeijsuowiag WnijoH

SNOSIHVdINOD NDIS3A HOLYNHI1TvOg4dNL SSd

614



S¥ddvd
% SNOILVIILSNOWIQ TAVATIVH V'Id

X1 NOISSHS

615



FROM

o Spiroid

ITW SPIRODID 227 @S35

4 =~a agg2 18:45 P. 2

ﬂwnsg‘roudw -
An Hinols Worke Company

2801 North Koslar Avenye

Chicago, flinois 60638

Telephone 312.227.2200

FAX 312.227.0535

ITW SPIROID

IIW Spiroid, A Division of Illinois Tocl Werks, is a manufacturer
of proprietary, custom gear forms, roller screws, and index rings.
These products come in the form of Spiroid + Helicon right angle
gearing, Concurve spur gesrs, Spiracon roller screws, and Endicon
index rings.

ITW Spiroid provides their products for a large numbar of diverse
applications. Approximately 50% of our volume goes to both military
and commercial markets, Military applications include such equipment
as the Apache Helicopter, M109 EHowitzer, F15 Fighter Afrcraft, and
the Harpoon and RAM Missfles. Commercial applications include Hand
Tools, Laser Imaging Devices, Machine Tool + Fixturing Devices,
Tundish Car Actuators, and Aircraft Flap Actuators.

Spiroid/Helicon ~ Right Angle Gearing

Spiroid Helicon

10:1 =~ 400:1 4:1 = 400:1

High Contact Ratio Righ Contact Ratio
Higher Capacity Bigh Capacity
Good Efficiency Better Efficiency

Pogsgible Cross Shaft Design
Backlash Control
Material Variability

These gear forme have the widest center distance of any right angle,
face type gesr form thereby producing the highest contact ratios
possible. This allows for high capacity in small space envelopes
thue affscting packaging, weight, and power density.

Concurve Spur Tooth Cears

This gear form is & variation of an involute spur tooth form where the
tooth profile has a relatively comstant radius of curvature from the
tip of the tooth to the root of. the tooth. This distributes the
contact stress evenly up + down the tooth flank. Involute spur gear
teeth tend tc have ever increasing contact stress as you move from

tip to root of the tooth.

Spiroid, Helicon. Concutve and Splracon s registered trademarks snd Endicon is » tradermark of Riincls Tool Works Inc.
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CONCURVE" INVOLUTE
TOOTH TOOTH

Rulative
Contact Stress
Comparison

Concurve vs. Involute

The even distribution of etress in Concurve gears allows for higher
loads and lower numbers of pinion teeth due to this feature.
Therafore, pinions with as few as 4 teeth and ratios up into the
20'e:1 are possible. Removal of gear passes, higher loads, higher
ratios and dowvmsizing are all possible.

Spiracon Roller Screws

Spiracon Roller Screws offer several advantages over Ball Screws and
Acme Screws. The basis for these advantages lie in a discussion of
the type of contact that exists between members within the nut iteelf.

Acme Screws have line contact between members. They have great capacity
for this resson. However, there is so mwuch contact and with the elements
sliding upon each other, the efficiency is extremely low, usually around
20%. Thus motors tend to be very large to overcome this inefficiency.

Ball screws have point type contact between members. Imagine a ball
riding in a trough of slightly larger curvature, A small point exists
betveen these two members upon which the load will be carried. For
this reason they have limited capacity. However, due to this small
contact area and the rotation of all internal components, ball screws
are generally very efficient.
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Spiracon Roller Screws have line type contact between members.
These lines create a large area over which the load is carried
thus decreasing the stresses on the components. Higher capacities,

longer 1life and reduced size are all possible.

All internal

components do rotate however, becaus¢ of the increase in contact
area, roller screws are slightly less efficient that ball screws.

HOUSING.

ROLLER

BEARING

LOAD BERRING
THRUST BERRING

&NW

COVER

“——— MOUNTING HOLE

\\\\\\\\\\\\\\\\\\

SPIRACON®ROLLER SCREW

Endicon Index Rings

Endicon Index Rings consist of 2 mirror image gear halves with teeth
machined such that intimate contact exists between the two halves.
They can be used as indexing devices, couplings, centering devices,
ete. They have been used previously 4n such applications as Indexing
Tebles, Multi-Stage Turbine Blade Alignment devices, Robotic end
effector joints and Blind Assembly Robotic couplings.
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DOCUMENT NO. _HR77700072

HR [ZCn]

WA TEXTRON INC.
A SUBSIDIARY OF TEXTRON INC

25200 WEST AYE CANYON ROAD ¢ VALENCIA, CALIFORNIA 01366
|§0S) 189.4030 * TWX 910.136.1438 ¢ TELEX §6/1492

EXTENDED LOCKUP TEST (ATP para. 4.11.4)

P/N X41009110 <3
Date SEP 15 1992 Operator @

Comments Loaded

SAN __ X OO\

Item Required Acrual
Load Direction Sense CcCw CCw
Load ' MOVA oV A
Reduced Power Mipimum 1A
Encoder Reading (Start of Lockup 1894 £ 2 bits / f 9 4
Encoder Reading After 10 Min Lockup FHiririntiri ) P
Total Drift After 10 Min Lockup 82 bits max 48
Load Direction Sense Actuve " JerivE
MOV Load Remove Rem oV ED

PAGE NO.
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"1 TEXTRON DOCUMENT NO. _HR71700072

NA TEXTRON INC.
A SUBSIOIARY OF TEXTRON INC
25700 WEET RYE CANYON ROAD * VALENCIA CALIFORANIA 21358

1806) I33-4030 ° TWX 910.336 1433 ¢ TRLEX §3/1492

ACTUATOR SLEW RATE (ATP Para 4.9)
(Page 1 of 3)
PN X41009110

T
Date SEP 1 5 1992 Operator @

Serial No. X &€

Commeats: Loaded
Shaft Input MFVA | Slew Rate
Position Signal Load %o/Sec
Open-Close- | +30 £1 |[MOVA 143 min.
Open mA Load
Required Fig. 11
Open-Close- 340 max.
Close
Close to Data Fig. Jol %
C o 2
pen +3 1 4
(Failsafe Switch | Open to : Dara Fig. 7z
oaly Energized) | Close -30 |2 172°%
Reversal to Dara Fig. -~ g
Ciosed +30 |3 [$2 7%
{(Failop and Reversal to Data Fig. 8
Failsafe Switch Opened - 30 4 187 7
Energized)
PAGE NO.
39
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TEoRI 0L RAETE TRON F

D R

=R m DOCUMENT NO. _HR77700072

R TEXTRON INC
A SUSSIOIARY OF TEXTRON INC.

26200 WEST AYE CANYON ROAD « VALENCIA CALIFOANIA 01168
(808) 1504030 ¢ TWX 9103361438 « TELEX 68/1482

ACTUATOR SLEW RATE (ATP Para 4.9)
(Page 2 of 3)
PIN X41009110 34/ xoo! SEP 15 1992
. N
2.00v 2 2.00V —0.00s 2009/ Sngl (Ts)
: | I : . N .
N - Lo SUUEN A ' ' S Lo o2
| : 19 %  milliseconds
e ) Vdediv
/:/ S=SS TG T T T T rer output)
, : \\ ,
R R e e e V) sec/div
' : (time)
..... . ., . 'TOOPEN

= 292.0ms 1.0t = 2.425 Hz

—0.008 _ 200%/ 3ng142 SIOP 308 milliseconds

+ .
. : ’ L 2
T A D! Vdo/div
- .
A :T output)
I : f‘ : ‘
Boeielie ity ot Bby byt St st alnl I sec/div
I : ' ‘ Ame)
-+t i
.................... A . CLOSED
s . I : .
| -
; b
I
i il g
| ‘ :
: o ] Al .
1. = -180.0ms 2 = 128.0ms 0t = 308.0ms 1.8t = I.247 Hz2

PAGE NO.
40
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- F.d

HR m DOCUMENT NO. _ HR77700072

HA TEXTRON INC.
A SUBSIDIARY OF TEXTRAON INC.

24200 WEST AYE CANYON ACAD *» VALENGIA CALIFORNIA 91383
808) 189.4030 ¢ TWX 910 313€-1438 ¢ TELEX 68/1482

ACTUATOR SLEW RATE (ATP Para 4.9)

(Page 3 of 3) SEP 1 5 1992
P/N X41009110 S/ xool
2 2.00v —3.008 2007/ Sngl£2 §10P @
. : : : ¢ : : i . {
! = : e
' : . : 298 milliseconds
ol - ’ Vdediv
__. ....... el e | ....... :.; . 3 output)
Froeelone sec/div
i"“_._““;"".: L 1e)
I X i
' Ao o OPEN
T L )
o i i — : . l
tl = 1.3%6 s 12 = 1.704 s At = 348.0ms irat = 2,874 H=x
1 2.00V_2 2.00v —0.00s 2003/ Sqlfiﬂﬁ 302 _ milliseconds
: ' ; . S
| -t e S Vdc/div
TN upa)
. ' ‘ - E\\: :
““““ éj_-——--“-- O RSt s sec/div
/ ‘ : b )
ri N IR B R RS IR RN -t-c-o-»i—lw-l||rw.¢1
""" ‘/’"'""""‘"""""":C""'Tf""'p'.f.',.'j‘.'".""'.'. <. OSED
|"/ R ...... |
| . > . o
z Vo '
A b . - 1
t] = 1.244 = 12 = [.C44d = 4t = 30GC.0ms 1786t = 2.332 H2

PAGE NO.
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HR EEEEEH DOCUMENT NO. HR77700072

m

mf “EXTRON INC
A SUBSIDIARY OF TEXTRON INC.
€320 wEST RYE CANYON 04D ¢ VALENCIA CALIPORNIA 91388

B80S 159.4030 * Twx 910.33¢ 1438 » TELEX $5/1492

PNEUMATIC SHUTDOWN DATA SHEET (ATP Para 4.11.3)
PN X41009110

1
Date SEP 15 1992 Operator \ 44
Serial No. X o8]
Comments: L—r°QDE'D
Item T Required Actual
Pneumatic Pressure, psig 698 =10 095
MPVA 2185 to 2196
Starting Eacoder, bits* 2168 to 2179 2\
MPVA 256 to 299
Ending Encoder, bits* 253 t0 276 I ANY 3
Shutdown Time, sec 1.17 to 2.27 / 59
= Cross out non-applicable line.
1 .00V 2 2.00v ~—C.008  SO0R~ Srgifg s_‘mg '
P i ¢ : : :
I : : tdown
b ‘s
- VDT #1
- Jemodulated
Jurput
3+ 2VDC/div
5 sec/div
for MPVA
' ' 1.0 sec/div
[ . : = for MFVA
tl =i730.c-ms t2 = 1 dsé 3 st

= 1.580 s 1,0t = B3z.ommz

PAGE NO.
49
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oo Lidtida =RTE TR

RI=J TEXTRON

MA TEXTRON INC.
A SUGSIDIARY OF TEXTRON INC.

215100 WEST AYE CANYON AOAD * VALENCIA CALIFORNIA 91338

8081 189.4030 * TWX 910 1387428 ¢ TRLEX 88/1492

DOCUMENT NO. HR77700072__

FAIL-OPERATE PERFORMANCE (ATP Para 4.11)

PN X41009110

61’)
Operator \'4¢

Darte SEP 15 1992

Serial No. p =3

Comments: Loaded

[tem Required Actual

#1 [nput +24 M amp +24
#2 Input -24 M amp -724
Fail-Op Energized 20 M amp 20
Failsafe Energized 20 M amp 70

Eading Encoder Reading 777

Starting Encoder Reading 758

Diff. = thcuoalz;o‘lll'::vel 78 bits max. / ?
Encoder Reading @ Travel Reversal: 227 Bits
Encoder Reading @ Fail-Op Energized: 758 Bits
A Posidon = Uncontrolled Actuator Travel: i Bits

PAGE NO.
43
PAGE REVISION LETTER

716



344 LOH 3INIONI
a1l
AOW HLIM SOINTDOAHI/MOTd HILVM
MOTd
(dOOT-IHL-NI JHVYMAHVH) SNOILVINWIS INIONT
SNOILO3ACNI L. 1NVd
AONVYANNQ3Y
AHOLVHOEGV1 NOILVINWIS 1LHOINA
OW3/IN3
ADOHS/NOILYHSEIA
TVINIWNNOHIANI
3JONVYINHOdH3d
ALINIGVvLS
ALIHVINN
ALID0T3AN/aVO1 a3lvd
ISNOdS3H AONINOD3YA

TVNOILONNA

SNV1d 1S31 34n.ind

717



JIHIN3DO3 31@n0qg
Lozt

JAIHA JINOWHVH

S —— SN

- - -

PLANLRN N

3aNNdS 1ndino

SSIHSNUY 04 8S3IHSNUE
033ds 3wNis IsvHg ¢
H3IAT0S3Y doLon -

h HOLVNLOV IATVA ._<0_Z<Iom_>_0m._.om.._m INss )




(ycd3)
youelg SOIU0I}08|T |0J}U0)

KIloyeioqge SWoISAS
§oIuoN10a)g ¥ USITEWIOfU|

d37TTOHLNOD JINOHLOT13

(¥9d3)
youeug AiaAlaq juejjedold

¥ SWSIUBYDSN [041U0D

AI01eio0qeT uoisindoidqd

TVOINVHO3IWN

SdNOYD NOISAA YNNG

Y

uoljessiuiupy aoeds
DUE SIINBUOIDY IRUONENI

719



SNV7d 34NLNS

SNLVLS o
ONILSTL »

d3TTOHLNOD/SOINOYLDI T »
IVOINVHOIW o
NOIS3Q -«

dO1VNLOV WIISAS TOHLNOD

O

INVTIIdOgd TYOINVHOIWOHIOT TS -

)

uonessiuupy aoede

720



auldg Inding
19A|0SBY
OALIQ Jluowie

AOJOIN o

SLNINOdWOH IVOINVHDOIW

|

uonensIuwDyY anedc

721



—

JOIA3A ONILVCISSIA ADHINT SNIVLNOD e
d3A10S3H OL NOILVLIOXT SIAINOHC
dOLOW OL TOHLNOO S3AINQOHYC o

d3711041LNOD JINOHL1D3 13

y

uonesiuLpY 8oedg
DUB SHNINPLINIAN 191 INDR ]

722



\-

H3IA10S3H
dO0O7
Movaa33ad ,
NOILISOd I1NdNI
Ivold10313
JAtHA
-+ eyt HOLOW 21901 NWMJ rS rsS aANVWWO9D
OINOWHVH . NOILVLAWWOD _ o
o
dO0 MOvdaa3d3add LNIHHND
1NdLNO
TVOINVHOINW 301A30
193443 1IVH
NOlIlvdIissSIa
ADHINI
—J
uolensIuWPY 82eds
pue SNeUCY [eucien
\) \ Fem JA N



9suodsay Aousanbeai{

bullss] pepeo e

ANOO|OA o
osuodsay Aouanbaiq .
.. Bunnsa] papeojun e

ISPO paljliap pue padojona( e

ONILSTL

)

uolesnsiuupy aoedg

pue SANeuUOIaY [euolieN]

724



S1S31 ISNOJSIY AONINDIYH YINT aNv

(ZH) AJH3N03Y4
81

4 [ Y T T U Y

N

—e
\

vYIive Y)aon
ro———

Yivo a3y

-09-
-0S5-

10?!

ot-

-8e-

-01-

Swowwn

(ZH) ADH3NDIYA

——-DAow oo

—
1

—

-

QTN e

Qo

[} -\J:o_anlr e s mmem ol

725



v T NN LANINST S

— e

(

ey

'

-...’.._

{”l]l .

™

fyeme-.

R ] L !
—— e o 7‘”‘ .
- ¥} sy Aadthnaiss pohel St LTINS :
s b EEIXRRRRRI 4 T
Ras SRS | MEERIAARS s Tt IEXE AR IR
[EENEENS IR HENRNN] &) [ BTN BRI
[EERS1S1 I IXIEENTN METLAISE) 1NN finas 5N SIEN IR A LS REEEE e R LR e
[EEBSYIT1 0] IRDSYS ENENENY | BN . 1K SEER1 KNSRI ISZIFRLER
EERYNI D ERIRESES RN ARA TN 0400 I R N I I TR R TS RN
RN R R IR IR IS v b ML SRR NI [RERR AN
. [l 10000 Pl - I ’ i [N R ) [REK
T .Llﬂ_-ﬁhl. ] oo H :.T‘iu‘:’}vr-v-,,‘.uyilf ;
T 1] V(e s TO 1 IO T T T
EXESTINY SIANEEES ARYARTIRDS SR ENY IPRY] mE AN Ty I
STy TR SIS IRR R NI 1) LM KIS R SRRV RRS SEERERS TR A B

EREYE

KRR

. feid

N

r

[ERERY]

S

ST
-4..m-'1

ARRERS AR NNARTRREN
X ESR SR URRENYI ENE)
EEEEERASENNRETTNE £X2 ]
EREETS IS
NI TN |

ety

[ERYERRETIN A

Phas oo fep bl

REREEERRIEE:

RN

[EEREEENE Al

alientd

[ERRRERN AL

IEEEEREERIRRE]

XA SR TERNERER RN
SRR AN IR
Thoa i bhon]?
RETII IR TR s i ]
ST AN REENE XN E N
eooanet pebea i [EERRR]

YR IR

[EEEEEET BTN

RS} STIERIIE]

ARG

m
1

SRR IR EER Y

| IPAREE] IR

Dol | SEESSLN]

S HITE] IR

ARt XTI

Feddthes”

1haglvagn

Iy

JpnEsyy
H L

Ty

[EETR T

1p0oay

T Ty

]
[T
1 ity

ST

i Tt

IERE R AREE DRRNERARNY|

X8 T

IR

i

[ NI

i)

[ SR R

[N

pRNLE I
[ N R SRR ) ‘7
NI AT I Vg RS Y
bl e T T I SR =T
(ANER RERYERATINRY, - T lu-iT_TJTL'n.nI SEX IE
FEAREERA NI et NI HE IR AT et B
R RN T I T T i v aeteitiy i
(RS LR R RS TN I RN IR 1y
A T EEERERxE! T
T e IIEEERRERRT]
(NI Y T I RE RN
AERE RSN EINE AL EEETANTE AR EREEE] : i
[ARSNRXRERERERNTNNNN] [T AN EE T IR PR R AR i
SRR INNRIEN T AR R IR R TN R S SN ST ST
T ] T il it
SRS TN SR KEANEEERE NN :
. I XN F NN RETY.
[FEYT] NI RN I
l}_’ﬁ?_"l s e
(I S IR IR N S AR NEEE gt
[N SRR AN ERENETRR KT
byditery (I DN R S IR T KR B
ARSI T IR . Phte bR bpas baddssbrnndrrtog
gt ey, AT T v i Tl
HI;’IH'-I Lo ity T I I XN I
BTEE A [ T i 7711
T H !' =T
BARERSATIT] l ) | 1
RN } T T
i . iy
| IBE :
i T
{ TR
. i
".-{ ety
d vt

EMA NO-LOAD VELOCITY TEST




I0JB|NWIS BAlBA e

A9I|OUOD HepN 0001 o

ONILS3L JF1TTdNOD
Ol d3d33IN LNIWDIND

727



S1S3l

ISNOJS3d AON3INDIY4 VINT ANV DITNVHAAH

€ZH) AJN3INDIY 4 (ZH) AOMINDIY4

o1 o ot _o_ eo— _uo_
— A U S n M ‘W Ak oA A A _ 4 A A — ..N—I d U S A A e A |~.l
4 VIVD 1504 JWnvugag LR - L YIVQ 1831 91nvuoan Womeao g w
T vive s vAy O ---e -0 001~ 5 ... VIVO 1831 vy @ emm— e -0
3 3 Ea
3 L3
-08- ¥ A -
9 -
N 3 \
. a —N €-
S 09- |, LN :
% . Fa. e
/._v 3 /./. .
S -8y- § s -1~
S ] . N,
T H \ TS peeetfitazseesseen -
.../.,. g Sir Simae L TTTTreeeiil -0
RN
. '.r - . Pa-
Il . -1
):l".rn..uh..,l....l.“.l“ ........... A
————— ST ﬁ. 0 L SR

Qm

ECO T =W

728



oinelpAH puy VYIN3 usamlag uosliedwon
Sise] uonelqip
S1S88] aunjesadws|

Aoeinooy uoiliIsod a1e1g Apes)g

SNV1d 1S31 3dn.ind

/

uolesisuLpY 80edg

YD CAINM V7R 7 1 rure

729



reubis
Pl

uoisIalg sajabuy so] HOIBISIYHIY

Auedwo? asedsosay jeubis-paiy

2661 ‘6¢ J1oqualdss

SMOJ|ed |itg

VYINT NOILVSNIdNOD LNIISNVHL

730



08200-W

uoISIAI(] S8j8buYy SO YIMBISIHIY

Auedwo? asedsoiady |eubis-paiy

AJN3IOI443 HOWH

SHOLYNLOV JIMNVHAAH HLIM 37181LVdINOD LId ANV WHO4
SANVIWIWOD NOILISOd aNV 31vY

ALIAvdvI 1S3L Ni-LTINg

SOINOH10313 LNVH3IT01 11NV

SHOLVNLIV JITNVHAAH S3Jv1d3d

[

EEINEE

(@3an3Lx3)
SIHONI 9t THIONIT
= A1) SLHOIEM
ZHEL :HLAIMANVE
SO3SZ  INWILT13AVHL
SIHONI 0L TAAVHL
g1 000°SE :30HO4
DaA 022 :H3aIMOd
SHOLOW dH1IL 31dIHL

SNOILVIIdID3dS

(YINT) HOLVNLOV TVIINVHOINOHLO3 T
HOYVY3S3Yd TVNDIS-A3ITiv

731



*SE71 000°'0% 40 SVIM IVOIYIOATIA NV SVH HITTOYLNOD FHI OLNI JOVdaIdd JOHOod
dHL *INdILNO QIIVY FHL FOIML ISVAT IV SI HOIHM ‘WNWINIW °SdT 000‘09
g4 O5L QIWNSSY SI YOILVNIOV HHL JO XALIOVAVD ‘TVINLONEMLS HO AVO1 LIKI'1
dHIL °*OAS-NI G°€ LY ¥OIVALOV FHI JA0 ILNdINO °971 000°‘0€ V¥ SIAATAOMd SIHL
*1:00¥S JO OILVH ¥VAD TIVIAAO NY dOod ‘MIAYOSTIVE QVAT GT9°0 V¥ OLNI T:LE
ATZIVHIXOMddV SI OIIVH ¥VdD AHL °AANLS SIHL Y04 INO OLNI AIAJWAT JAV
SHOLOW dHL - NMOHS ION SI SYOLOW OML SNIAVH JO SILOAJSY AONVANNAAY dHL
*NMOHS SI W3ISXS AHI ¥Od WVYOVIQ MOOTId FHL °IOVLS LSUId AI NVLIL JHL 40O
SINIARTIINOTY FONVWIOAYAd AHL LIAH TTIM WILSKS SIHL °QIZITILN SVM SHOLOW

0Zd TYNDIS-AITTIV OML J0 ISIYAHOO WIALSXS ¥ ‘ONITIAOH J0 AS0dUNd FHL ¥Od

NOIIL4dIHOSdA HILSAS

732



»ovaa3ild
NOWISOd

Auedwo?) eoudsosey jeubys-paliy

avol-<—»-

HOSN3S
30404

M3AYHOS LNdLNO
ANV DNIHV3O

\||\

avo1a3lvd 3HL

3303 01 S3IHL AvO1 IHL NIHM SSINLILS NI NOLLONA3H
v SNV OL dO001 OAH3IS 3HL 0L XOVE a34 38 AVIN LI
‘G31NIWNHLSNI S| HOLYNLOV JHL NO 30HO4 a310v3H 3Hl dle

NOILYSNIdINOD avO1 LNIISNVHL OAL NG

soveE-16L

733



*INANI INFISNVYL 2ZH ZT V¥ ONILVYSNAJHOD YOd SINIWIYINDOIH
HLIM TIGIIVAWOD SI SIHL °2ZH 61 40 ¥AQYO FHL NI SI AVOT LNIISNVEL ¥V OL ONILOVIY
NFHM ALITIEVAVD ASNOJSAY JHL °ZH 8 40 L JO ¥Y3AQUO FHL NI SI ISNOJSIU XONANDAYA THL
‘ANIONA AT NVLIL FHI ONIAOW ANV NOILVYIdO TVWYON NI NIHM °Al NVYLIL 40 SINIWIFINOIH
FONVNYOJIYAd HHI JIIW TIIM SYOLOW Od SSTTIHSNYH 0Zd 'TYNDIS-GAITIV OMI ONISN

dOIVAIOV DAL V IVHI SAILVOIANI ONIZIS XYUVNIWITIIA V ‘FA0EV FHL 40 TTIWNVXA NY SY

‘Y01 INIISNVHL ZH ST ¥V dOd ONILVSNIdWOO
HTIdodd ON HAYH AVH 2H ¥ 40 JSNO4ASHY AONIANOAYA ‘TUNOILVYIdO NY HLIM WALSAS
V IVHL SNVAW SIHL °AYOT SNIAIV NV 40 dTdH FHL HLIM IILVHITIOOV LSNH YOLOW FHL
‘g1 ‘ANOIV HOLOHW JOILVNIOV IHL JO ASNOISIY FHL SI AVM THIL 40 LNO JAOHW OL YOLYNLOY
JHL 40 AIITIAVAVD ASNOASTY FHI ANV HIAOW FHI SI VILYINI IANIONI 3HL ‘avo1 ILNIISNWIL
¥ OL SNIIOVAY NAHM °SATLITIAVAVO ISNOJSAY YOLVNALOV FHL NO 1DO3Jdd INVOIJINOIS
¥ FAVH SAVOT1 ANV VIINANI GNIONE JHI ‘NOILVYIJO ‘IVAHON NI ‘avol INIISNVHL
dHL SV HOIH SV 3d OL FAVH ION S3IOd SAVOT TVHWION YIANN ONILVYIAJO FTIHM HWILSAS
OAL FHI J0 ISNOASIY AHL °*INIISNVIL SSTOXT FAHL WOYd XAVMV MOVE OL HYOLVNLOV JAHL
dSNVYD OL WHAL AVol SIHI ASn LNdINO aIYINDIY YOIVALOV WAWIXVH IHL AIIOXI OL DNIOD 81

II NZHM ANV AVO1 QdITdd¥ dHL 10313A OL SI NOILVSNAIWOD FHIL 40 AHJOSOTIHd OISV JHL

NOTIUSNAJNGS IAIIOV J0 NOIXITESSTA 'TVIINID

734



_m:m.m_@

Tove-16L

Auvedwo?) aaedsoiay jeubis-pajiy

- 3ONV.LONANI 1

SINVLISNOD 3NIL HOLVSNIdWOD aval 21 2! JONVLSIS3Y u

SINV.ISNOD NIvD ' 7?99 Q33dS HOLOW (4)

1N3HUND HOLOW Wy CINVAISNOD N3 Xova

INVLISNOD 3NOHOL iy NOILISOd TVNLOV X

OlLYH HY3D a3INIGN0D Ty ANVINWOD NOILISOd 9%

VILH3NI 40 1NIWOW HV10d HOLOW wpe avo x4

JHNLVIONINON
\V
- 4 -
aTT !+ -—-—-—-—-—-F-"-"-~-7~7 - -
£re ) | _ . |
s sr 3 1+s(un) o d _
x| 1 A Ll '} 9 |_. i B +
i I
(&) | HOLVSNIIWOI [ (1 1o ) |
HOSN3S
| aouo4|(1+s 11D |
S EN '
| ¥ |
| |
L A HITIOHLNOD |
A —._MU lllll N u. llllllll
L

13a0N NOILYSNIdWOD avOo1 INIISNvHL N

735



"SH1
000°09 dd OL NIMVLI SI HOTIHM SNOILVLIIWIT TVINLOMYLS NIHLIM OL AVOT Aviad
dHL SIONATY ATINVOIAINOIS NOILVSNAJWOOD FHL LVHL NIIS 34 NVO LI ‘asvd
HAHLIA NI ‘sA71 000°0¥ OL AIONAAY SYM FOYOod FHI ‘TIATT KODYINI °€T-NI
00ST FHL IV °SINIWIVINOIY LIWIT TVINLONYLS AHL NIHLIM TT1IM ‘ST 000'’SS
ol °Sd7 000°'G0T ILNOAY WOYd QIONAAY SVM AVOT THIL ‘NOILVLIWIT SIHL HLIM
NIAZ °*INIISNVYI FHL FONa3d YIHIYNA OL FWIL AHL NI FONVISIA HONONI JAOW
LONNVD II ‘SadoM HIHLO NI *ISNOdSAY AONANDIYd SII ION ‘HOLVNLOV HHL
40 NOILLVIIWIT G3dds dHIL X4 QILIWIT SI TIATT "€I1-NI 00SL FHL LV AVOT FHL
4ona3d 0L WALSAS FAHL JO ALITIAVY FHL °NMOHS SI TIAIT °“€T-NI 00ST FHL OL
HALSAS ATIFAOW FHL 40 SIINSIH ANV NOILOVAY HHL ° ST 000’0v ¥AANN SAVOT
ANV dod dIDI¥ dd TIIM YOIVNLOV FAHL ‘SNOILIANOD OJILVLS YAANN LVHL SNVAW
SIHI “INdILNO AIIVY FHL YIAO °SAT 000°0T SI HOIHM ANVHAVEA 971 000’0V
¥ SVYH "T3GOW JHL NI JITTIOULNOD JHL *d1-NI 00S.L V¥ ANV °“d1~-NI 00ST V
:qIsn FYAM SINIISNVIL A0 STIATT ADHINT OML ‘NOSIYVAHOD ¥Od °TTAVIIVAY
LON F¥V SOILSIHAIOVHVHO JINIISNVEL JHL NO VIVQ IJIITJHOD JASNVOIA4
HOIH QdlOdTIdS SVM TIATT SIHL °SET 000°‘G0T J0 FOUOd QALVSNIJHOONN AVAd
¥ QVH HOIHM QIITddV SVM INAISNWVML ZH ZT ¥V ‘A3AIYOSId WILSAS JHL ONISN

3TINSAY dNY TIAGH

736



2105-1621

1—% uoys|A|q $9196uy 507 {D48ISIYIY
PN/,

Auedwo? aaedsosay jeubis-paity

SANQJ3IS =1
80 L0 90 S0 vo £0 A (N0 0
oc-
0
— 0c
ov
avo1 a3aLVvSNIdNO0D

=
©
¢0L X 30HO4 €1

l
=
©

V4 00t
HOLVYNLOV aiDid NO V01

ozt

ovi

737



—QCQ_W uojsing sajabuy so1 YoieasaYIy

Palli

Auedwo? aasedsoiay jeubis-paiy
[1d] NIp/swpgps sugpg-

P13

mn:o\

A2

e, S AB

dSNOdS3d d41S dvO1 ON

738



Jeubis uorsiag sajabuy so] YJ21eISIYIY

paill

Auedwo? asedsoiay jeubis-paiy

S9T b [1d] NIpP/suggg m___mvmmH
: : : : . . . : . ” A2T~

mDZDOn_ oomo
ASNOdS3d 4415 d3avo1 SSVYIN

739



'53SVD HLOS NI ZH OF $a33OX3

JSNOJSIH JHL IVHL MOHS S1INS3H IHL "AVOT
VILY3NI ‘g7 0099 ¥V HLIM ANV Q3AVOINN HLO8 NNH
SYM LINN 1S3L JHL 40 3ISNOJSIH AONINDIHA IHL

JSNOJS3Id AON3IND3HA

740



leubis

voisiagsajabuy sor (OIeISIYIY

Auedwo? aaedsoiay jeubis-paiiy

pall
(ZH) ADN3IND3HA 9071
oot ot
08l -
o9l -
0zt - ./ o
06-
N
"=\
oe |- /, -t
* g
09 || - — .
06
3SVHd avol - ON -
0zt - NIVO aVOl - ON —
ISVHd G3AVOT -
o9t |- [, .
# 0099 - NIVD a3AY01 —e- -
7’4.11’/{’
o8l 4
(S334H340) ISYHI (aP) NIVD

avol - ON dNV avO1 aNNOd 0099
| 3SVHd ANV NIVO

et-

gtL-

zh-

gt

ot

o1

741



LIST OF AMFENDEES

Mr. Randy L. Bickford
Aerojet Propulsion Div
D/5154, B/2019 A
P. O. Box 13222
Sacramento, CA 95813-6000
Dr. James L. Starr
Aerospace Corp

MS 559

3350 E.El Segundo Blvd

El Segundo, CA 90245

Mr. W. W. Fellows
Allied-Signal

Dpt. 93240, EMA

2525 W. 190th
Torrance, CA 950509

Mr. John Wada
Allied-Signal

Dpt. 93240,

2525 W. 190th
Torrance, CA 90509

Mr. David A. Thompson
Allied-Signal Aerospace
1300 W, Warner Rd
Tempe, AZ 85284

Mr. C. C. ¢Chi

Allied-Signal AiResearch Div
Dpt. 93240,
2525 W. 19%0th
Torrance, CA 90509-2960
Mr. Mike Kirkland
Allied-Signal AiResearch Div
Dpt. 93240,
2525 W, 190th
Torrance, CA 90509-2960
Mr. Haley Rushing

P. O. Box 3999

Seattle, WA 98124-2499
P. O. Box 21206

KSC, FL 32815-0206

Mr. John Anderson
Boeing Aerospace Co
MS 8C-09

Mr. Matthew J. Lister
Aerojet Propulsion Div
D/5280, B/2019

P. O. Box 13222

sacramento, CA 95813-6000

Mr. Jaime B. Fernandez
Allied-Bendix

#150

1525 Perimeter Pkwy
Huntsville, AL 35806

Mr. Andrew C. Ptashnik
Allied~-Signal

Dpt. 93240,MS:T-53
2525 W, 190th
Torrance, CA 90509

Mr. Larry E. Sheaks
Allied-Signal Aerospace
Suite 150

1525 Perimeter Pkwy
Huntsville, AL 35806

Mr. Peter A. Van Hoff
Allied-Signal Aerospace
Suite 150

1525 Perimeter Pkwy
Huntsville, AL 35806

Mr. Collin Hugget
Allied-Signal AiResearch Div
Dpt. 93240,

2525 W. 190th Street
Torrance, CA 90509-2960

Mr. Allen Young
Allied-Signal AiResearch Div
Dpt. 93080, T 45

2525 W. 190th
Torrance, CA 90509-6099
Mr. R. Mark Nelms

Auburn University
Electr.Engr.Dept.

200 Broun Hall

Auburn, AL 36849-5201

Mr. Arun K. Trikha
Boeing Aerospace Co
MS 60-HP,Actuation
P. O. Box 3707

Seattle, WA 98124-2207

742



Mr. Jeff Ring
Honeywell SS Group

948-5
13350 U.S. Hwy 19N
Clearwater, FL 34624-7290

Mr. Jack A. Battenburg
HQ JPO/NLS USAF
BMO/NLS/ADP
USATF

Norton AFB, CA 92409
Mr. Ron Boe

HR Textron

252000 West Rye Canyon R4
Valencia, CA 91355

Dr. William Gentry
Johnson Controls

X-35

5757 North Green Bay Ave
Milwaukee, WI 53201

Mr. Douglas Pierce
Johnson Controls

X-35

5757 North Green Bay Ave
Milwaukee, WI 53201

Mr. Keith A. Holden
Lockheed - HSV Engr. Ctr.
Missiles & Space, Ste.220
6767 01d Madison Pike
Huntsville, AL 35806

Ms. Lydia J. Wenglar
Lockheed LESC

MS: C 87

P. O. Box 58561

Houston, TX 77258-3711
Mr. Sabbie A. Hossain
Lockheed/ESC

M/C-C 87

2400 NASA Road 1
Houston, TX 77058-3711
Mr. Charles M. Miller
Lockheed/KSC

LSO 215

1100 Lockheed Way

Titusville, FL 35780

743

Mr. Zygmunt Zubkow
Honeywell SS Group

948-5

13350 U.S. Hwy 19N
Clearwater, FL 34624-7290

Capt.Frederick Wylie
HQ JPO/NLS USAF
BMO/NLS/ADP
USATF

Norton AFB, CA 92409
Mr. Kurt Niederpruem
ITW Spirod

2601 N. Keeler Avenue
Chicago, IL 60639

Mr. Lawrence Haselmaier
Johnson Controls

Bldg. 4010

SSC

Stennis Space Ctr, MS 39529

Mr. Bob Brogdon
Lockheed

5251 Hermitage Dr
Marietta, GA 303...

Mr. Wayne T. McCandless
Lockheed LESC

MS: C 87

P. 0. Box 58561

Houston, TX 77258-3711

Mr. Michael W.
Lockheed/ESC
M/C-C 87

2400 NASA Road 1
Houston, TX 77058-3711

Bradway

Mr. Wayne N. Heath
Lockheed/KSC

LSO 212

1100 Lockheed Way
Titusville, FL 35780
Mr. Sanford Goldstein
Lucas Western

P. 0. Box 2207

610 Neptune Avenue
Brea, CA 92621



Mr. Jonathan C.C. Chao
MDSSC

A3/L243-12/2

5301 Bolsa Avenue
Huntington Beach, CA 92647

Mr. Norm Osborn
MMC, EMA

T 330

P. O. Box 179
Denver, CO 80201

Mr. Dave Wilks
MMC, EMA

T 330

P. O. Box 179
Denver, CO 80201

Mr. Bob Ewel
Moog Inc
Miss.Syst.Div.
Plant 20

East Aurora, NY 14052-0018
Mr. Jerry Kraschinsky

Moog Inc
Miss.Syst.Div.
Plant 20

East Aurora, NY 14052-0018
Mr. John Preble

Moog Inc

Miss.Syst.Div.

Plant 20

East Aurora, NY 14052-0018

Mr. Paul N. Herr

NASA HQ

Code DD

600 Independence Ave
Washington, DC 20546

Mr. R. Wayne McIntyre
NASA HQ

Code DL

600 Independence Ave
Washington, DC 20546

Dr. Douglas B. Price
NASA LaRC

MS:161

NASA LaRC

Hampton, VA 23681-0001

744

Mr. James D. Hurley
Mechanical Technology Inc
968 Albany Shaker Road
Latham, NY 12110

Mr. Steven Sasso
MMC, EMA

T 330

P. 0. Box 179
Denver, CO 80201

Mr. Mark Davis
Moog Inc
Miss.Syst.Div.
Plant 20

East Aurora, NY 14052~0018
Mr. Ramji Gupta
Moog Inc
Miss.Syst.Div.
Plant 20

East Aurora, NY 14052-0018
Mr. Ronald J. Livecchi

Moog Inc
Miss.Syst.Div.
Plant 20, ACD
East Aurora, NY 14052-0018
Mr. Peter Ahlf

NASA HQ

Code DD

NASA HQ

Washington, DC 20546

Mr. Robert Kirchmyer
NASA HQ

Code DN

600 Independence Ave
Washington, DC 20546

Mr. David R. Stone
NASA HQ

Code DD

600 Independence Ave
Washington, DC 20546

Mr. Howard Stone
NASA LaRC

MS:161

NASA LaRC

Hampton, VA 23681-0001



Mr. Jeff Ring
Honeywell SS Group
948-5

13350 U.S. Hwy 19N
Clearwater, FL

Mr. Jack A. Battenburg
HQ JPO/NLS USAF
BMO/NLS/ADP
USAF

Norton AFB, CA 924009
Mr. Ron Boe

HR Textron

252000 West Rye Canyon Rd
Valencia, CA 91355

Dr. William Gentry
Johnson Controls

X=-35

5757 North Green Bay Ave
Milwaukee, WI 53201

Mr. Douglas Pierce
Johnson Controls

X-35

5757 North Green Bay Ave
Milwaukee, WI 53201

Mr. Keith A. Holden
Lockheed - HSV Engr. Ctr.
Missiles & Space, Ste.220
6767 0ld Madison Pike
Huntsville, AL 35806

Ms. Lydia J. Wenglar
Lockheed LESC

MS: C 87

P. O. Box 58561

Houston, TX 77258-3711

Mr. Sabbie A. Hossain
Lockheed/ESC

M/C-C 87

2400 NASA Road 1
Houston, TX 77058-3711

Mr. Charles M. Miller
Lockheed/KSC

LSO 215
1100 Lockheed Way

Titusville, FL 35780

34624-7290

745

Mr. Zygmunt Zubkow
Honeywell SS Group

948-5

13350 U.S. Hwy 1SN
Clearwater, FL 34624-7290

Capt.Frederick Wylie
HQ JPO/NLS USAF
BMO/NLS/ADP
USAF

Norton AFB, CA 92409
Mr. Kurt Niederpruenm
ITW Spirod

2601 N. Keeler Avenue
Chicago, IL 60639

Mr. Lawrence Haselmaier
Johnson Controls

Bldg. 4010

SsC

Stennis Space Ctr, MS 39529

Mr. Bob Brogdon
Lockheed

5251 Hermitage Dr
Marietta, GA 303...

Mr. Wayne T. McCandless
Lockheed LESC

MS: C 87

P. 0. Box 58561

Houston, TX 77258-3711

Mr. Michael W. Bradway
Lockheed/ESC

M/C-C 87

2400 NASA Road 1
Houston, TX 77058-3711

Mr. Wayne N. Heath
Lockheed/KSC

LSO 212

1100 Lockheed Way
Titusville, FL 35780
Mr. Sanford Goldstein
Lucas Western

P. 0. Box 2207

610 Neptune Avenue
Brea, CA 92621



Ms. Linda Burrows
NASA-LeRC

21000 Brookpark Road
Cleveland, OH 44135

Mr. David Renz
NASA-LeRC 5430
21000 Brookpark Road
Cleveland, OH 44135

Mr. Gale Sundberg
NASA-LeRC

301-2

21000 Brookpark Road
Cleveland, OH 44135

Mr. Jim Akkermann
NASA/JSC

VE 3

NASA Road 1
Houston, TX 77048

Mr. Carey McCleskey
NASA/KSC

TV-GDS-22

NASA/KSC

KsC, FL 32899

Mr. Rick Bachtel
NASA/MSFC

EP 55

NASA/MSFC

MSFC, Al 35812

Ms. Martha Cash
NASA /MSFC
NASA/MSFC
MSFC, Al 35812

Mr. Rusty Cowan
NASA/MSFC

EP 64

NASA/MSFC

MSFC, AL 35812

Mr. David K. Hall
NASA/MSFC

EB 12

NASA/MSFC

MSFC, Al 35812

746

Mr. Irving Hanson
NASA-LeRC

21000 Brookpark Road
Cleveland, OH 44135

Ms. Mary Ellen Roth
NASA-LeRC

21000 Brookpark Road
Cleveland, OH 44135

Mr. Rick A. Williams
NASA/JPO

QEV

USATF

Norton AFB, CA 92409

Mr. Don C. Brown
NASA/JSC

EG 1

NASA/JSC

Houston, TX 77058

Mr. W. B. Williams
NASA/KSC

PT AST

NASA/KSC

KsC, FL 32899

Mr. Robert Bechtel
NASA/MSFC

EB 12

NASA/MSFC

MSFC, Al 35812

Mr. Charles Cornelius
NASA/MSFC

EP 61

NASA /MSFC

MSFC, AL 35812

Mr. Charles I. Hall
NASA/MSFC

EB 12

NASA/MSFC

MSFC, Al 35812

Ms. Monica Hammond
NASA /MSFC

EP 64

NASA /MSFC

MSFC, AL 35812



Mr. John Harbison
NASA/MSFC

EP 64

NASA/MSFC

MSFC, Al 35812

Mr. Harold J. Huber
NASA /MSFC
NASA/MSFC

MSFC, Al 35812

Mr. William Jacobs
NASA/MSFC

EB 24

NASA /MSFC

MSFC, Al 35812

Mr. Chester Martin
NASA/MSFC

EP 64

NASA/MSFC

MSFC, Al 35812

Mr. Terry G. Minor
NASA/MSFC
NASA/MSFC

MSFC, Al 35812

Mr. Neill Myers
NASA/MSFC

EP 64

NASA/MSFC

MSFC, AL 35812

Mr. Boris A. Pagan
NASA/MSFC

SRB, TVC
NASA/MSFC

MSFC, Al 35812

Mr. Shawn E. Reagan
NASA/MSFC

EL 56

NASA/MSFC

MSFC, AL 35812

747

Mr. David Howard
NASA/MSFC

EB 24

NASA/MSFC

MSFC, AL 35812

Mr. Fred Huffaker
NASA/MSFC

PT 01

NASA/MSFC

MSFC, AL 35812

Mr. Robert K. Kapustka
NASA/MSFC

EB 12

NASA/MSFC

MSFC, Al 35812

Mr. Bradley P. Messer
NASA/MSFC

EP 64

NASA/MSFC

MSFC, AL 35812

Mr. Justino Montenegro
NASA/MSFC

EB 24

NASA/MSFC

MSFC, AL 35812

Mr. Frank Nola
NASA/MSFC
EB 24

NASA/MSFC
MSFC, AL 35812

Mr. Ricky D. Pickett
NASA/MSFC

EP 64

NASA/MSFC

MSFC, Al 35812

Mr. Stephen D. Rose
NASA/MSFC

EL 56

NASA/MSFC

MSFC, Al 35812



Mr. John Sharkey
NASA /MSFC

ED 12

NASA/MSFC

MSFC, Al 35812

Ms. Caroline K.
NASA/MSFC
EE 83
NASA/MSFC
MSFC, Al

Wang

35812

Mr. Alvin M.
NASA/SSC
Bldg 1100,HA 20
NASA/SSC
ssc, Ms

Payne

39529

Mr. Clint Winchester

Naval Surface War Ctr

Code R 33

10901 New Hampshire Ave
Silver Springs, MD 20903-5000

Mr. Ken Ward

Parker Bartea

14300 Alton Parkway
Irvine, CA 92718-1814

Mr. Richard J. Kotalik
Parker Hannifin Corp
14300 Alton Pkwy
Irvine, CA 92718-1814

Mr. Bill McDermott
Rockwell Int'l

Dpt. 292, MC: FB 75
12214 Lakewood Blvd
Downey, CA 90241

Mr. David Eisenhaure
SATCON Techn.Corp.
12 Emily Street
Cambridge, MA 02139

Mr. Clifton D. Jacobs
Sundstrand

Dpt. 877-6

4747 Harrison Avenue
Rockford, IL 61125-7002

748

Mr. Harold D. Stanfield

NASA/MSFC
NASA/MSFC

MSFC, Al 35812
Ms. Rae Ann Weir
NASA/MSFC

EP 64

NASA/MSFC

MSFC, Al 35812
Mr. Bill St.Cyr
NASA/SSC

Code HA 20, Bldg 1100
NASA/SSC

SSC, Ms 39529

Mr. John Coyner

Oakridge Nat'l Labs

MS 7294

P. O. Box 2003, Bldg.9108
Oakridge, TN 37831-7294

Mr. Arvind K. Ahluwalia
Parker Hannifin Corp
14300 Alton Pkwy
Irvine, CA 92718-1814

Mr. Derek Shephard
Precision Kinetics
2533 E. 58th st
Huntington Park, CA

Mr. Luke T. Spears
S R S Technologies
990 Explorer Blvd

Huntsville, AL 35806

Mr. Patrick Curran
Sundstrand

4747 Harrison Ave
Rockford, Il 61125-7002

Mr. Ted L. Jones
Sundstrand

Dpt. 877-6

4747 Harrison Avenue
Rockford, IL 61125-7002

90255



Mr. Jayant Validya
Sundstrand

740-6, P.O.Box 7002

4747 Harrison Ave
Rockford, Il 61125-7002

Mr. Scott W. Lukens
Sverdrup Techn.
Propulsion

620 Discovery Drive
Huntsville, AL 35806

Dr. George B. Doane III
UAH

RI E 47

UAH

Huntsville, AL 35899
Mr. John P. Wander

University of Alabama
Mech.Engr.Dpt.
Box 870286

Tuscaloosa, AL 35487-0286
Mr. Douglas A. Shaver

USBI, Inc

Bldg.C-6008

P. O. Box 1900

Huntsville, AL 35807

Mr. David Homan
Wright-Patterson

WL/FIGL
Wright Patterson
AFB, OH 45433-6563

749

Mr. Tom Beasley
Sverdrup Techn.
Propulsion

620 Discovery Drive
Huntsville, AL 35806
Mr. Merle A. Turner
TRW/BMO

Bldg. 953/2430

P. O. Box 1310
S.B., CA 92402

Dr. Tim A. Haskew
University of Alabama
Electr.Engr.Dpt.

Box 870286, 317 Houser Hall

Tuscaloosa, AL 35487-0286
Mr. A. David Laracuente
USBI, Inc

Bldg.C-6008

P. O. Box 1900

Huntsville, AL 35807
Mr. Charlie Webster
USBI, Inc

P. 0. Box 1900

Huntsville, AL 35807

Mr. Franz Goebel
Yardney

Director R&D

82 Mechanic Street
Pawcatuck, CT 06379






